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Receiving a request to read a content of at least a portion of the first memory sub area as it
was at the certain peint in time. 250

Checking whether the content of the first memory sub area as it was at the
certain point in time was already copied (resides in the second storage unit) or
not {resides in the first storage unit}, 260

Not copiad yel

Chacking if the first memory area initialization request indicator as it was at the certain point in
time differs from the first memory sub area initialization indicator. 270

Differs

Initializing the first memory sub area and
updating the first memory sub area
initialization indicator (it should be equal
to the first memory area initialization
request indicator), 290

Already copied

Equals

Reading the contant of the at least portion of the memory sub area. 280

Checking if the second memaory arga initialization request indicator differs from the sacond
memaory sub area initialization indicator. 310

ialiZing the second memory sub area
and updating the second memory sub
area initialization indicator (it should be
equal to the second memory area

Equals

Reading the content of the at least portion of the second memory sub area. 330

Receiving a request to copy a content of the first memory area as it is at a certain point in time
to a second storage unit, 210

e

Storing the first memory area initialization request indicator as 1t is at the certain point in time.
220

e

Repsating, for each memory sub araa of the first memory area the following: (i} checking if
the first memory area initialization request indicator as it was at the certain point in time
differs from the memoaory sub arga initialization indicater; (ii) initializing the memory sub
araa if the answer is negative {(the variables differ from each othear) to provide an initialized
mamory sub area and copying to the sacond sterage unit tha content of the initialized
memory sub area,; (i) copying to the second storage unit the content of the memory sub
area as it was at the certain point in time if the variables equal each other; {iv) setting a
memory sub area (of a second memory area of a second storage unit) initialization
indicator to equal the first memory sub area initialization indicator as it was at the certain
point in time. 230

104
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Recelving a request to initialize a first memory area. 110

Updating a first memory area initialization request indicator that is a multiple bit variable
indicative of a time of a last request to initialize the first memory area. 120

Receiving a request to access a first memory sub area of a first memory area that
includes multiple memory sub areas. 130

Checking if a first memory area initialization request indicator differs from a first
Differs memory sub area initialization request indicator. The first memory sub area
initialization indicator 1s a multiple bit variable indicative of a time of a request to
initialize the first memory area that resulted in a last initialization of the first memory
sub area. 140

Initializing the first memory sub
area and updating the first memory
sub area initialization indicator (it Equals
should be equal to the first memory
area Initialization request indicator).
150

Allowing the access to the first memory sub area. Accordingly, the content of the first memory

sub area (or a portion thereof) can be read or the first memory sub area {or a portion thereof)
can be written to. 160

Figure 1
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Recelving a request to initialize a first memory area. 110

Updating a first memory area initialization request indicator that is a multiple bit variable
indicative of a time of a last request to initialize the first memory area. 120

Receiving a request to access a first memory sub area of a first memory area that
iIncludes multiple memory sub areas. 130

Checking whether a whole group of memory sub areas (that
iIncludes the first memory sub area) was initialized. 170 Yes

No

Checking if a first memory area initialization request indicator differs from a first
Differs memory sub area initialization request indicator. The first memory sub area
initialization indicator is a multiple bit variable indicative of a time of a request to
initialize the first memory area that resulted in a last initialization of the first memory
sub area. 140

Initializing the first memory sub
area and updating the first memory
sub area initialization indicator (it Equals
should be equal to the first memory
area initialization request indicator).

150

Allowing the access to the first memory sub area. Accordingly, the content of the first memory

sub area (or a portion thereof) can be read or the first memory sub area (or a portion thereof)
can be written to. 160

Figure 2
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Recelving a request to read a content of at least a portion of the first memory sub area as it
was at the certain point in time. 250

Checking whether the content of the first memory sub area as it was at t
certain point in time was already copied (resides in the second storage uni
not (resides in the first storage unit). 260

Not copied yet

Checking if the first memory area initialization request indicator as it was at the certain point in
time differs from the first memory sub area initialization indicator. 270

Differs

Initializing the first memory sub area and
updating the first memory sub area Already copied
initialization indicator (it should be equal
to the first memory area initialization
request indicator). 290 Equals

Reading the content of the at least portion of the memory sub area. 280

Checking If the second memory area initialization request indicator differs from the second
memory sub area initialization indicator. 310

Differs

1zINg the second memory sub area
and updating the second memory sub
area initialization indicator (it should be
equal to the second memory area Equals
initialization request indicator

Reading the content of the at least portion of the second memory sub area. 330

Receiving a request to copy a content of the first memory area as it is at a certain point in time

to a second storage unit. 210

Storing the first memory area initialization request indicator as it is at the certain point in time.
220

Repeating, for each memory sub area of the first memory area the following: (1) checking if
the first memory area initialization request indicator as it was at the certain point in time
differs from the memory sub area Initialization indicator; (i1} initializing the memory sub

area If the answer Is negative (the variables differ from each other) to provide an initialized

memory sub area and copying to the second storage unit the content of the initialized
memory sub area; (iil) copying to the second storage unit the content of the memory sub

area as it was at the certain point in time if the variables equal each other; (iv) setting a
memory sub area (of a second memory area of a second storage unit) initialization
indicator to equal the first memory sub area initialization indicator as it was at the certain
point In time. 230
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Selecting a memory sub area of the first memory area. 231

Checking If the first memory area initialization request indicator as it
was at the certain point in time differs from the memory sub area

Initialization indicator. 232

Equals Differs

Initializing the memory sub area to provide an initialized memory sub
area. 233

Copying the content of the Initialized memory sub area to the second
storage unit. 234

Copying to the second storage unit the content of the memory sub
area as It was at the certain point in time. 235

Setting a memory sub area of the second storage unit initialization
Indicator accarding i e sacond memory arag indicator anad indicating
fnat the contenrt of the first mamory sub araa was already copied
236

Not all were selected

Determining whether all the memory sub areas of the first memory

area were selected. 237

Figure 4
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Receilving a request to read a content of at least a portion of the first memaory sub area as it
was at the certain point in time. 250

Checking whether the content of the first memory sub area as it was at the certain point In
{ime was already copied (resides in the second storage unit) or not (resides In the first storage
unit). 260

Not copied yet

Checking whether a whole group of memory sub areas (that includes the first memory sub
area) was initialized. The checking can involve checking a memory sub area group
initialization completion indicator. 265

NO

Yes

Checking If the first memory area initialization request indicator as it was at the certain point in
time differs from the first memory sub area initialization indicator. 270

Already copied

Differs

Initializing the first memory sub area and
updating the first memory sub area Equals
initialization indicator (it should be equal
to the first memory area initialization
request indicator). 290

Reading the content of the at least portion of the memory sub area. 280

Checking if the second memory area initialization request indicator differs from the second
memory sub area initialization indicator. 310

Differs

Initializing the second memory sub area
and updating the second memory sub Equals
area Initialization indicator. 320

Reading the content of the at least portion of the second memory sub area. 330

Recelving a request to copy a content of the first memory area as it I1s at a certain point in time
to a second storage unit. 210

Storing the first memory area initialization request indicator as it is at the certain point in time.
220

Kepeating, for each memory sub area of the first memory area the following: (i) checking if
the first memory area initialization request indicator as it was at the certain point in time
differs from the memory sub area initialization indicator; (1) initializing the memory sub

area If the answer Is negative (the variables differ from each other) to provide an initialized

memory sub area and copying to the second storage unit the content of the initialized
memory sub area; (iii) copying to the second storage unit the content of the memory sub
area as it was at the certain point in time if the variables equal each other; {iv) setting a
memory sub area (of a second memory area of a second storage unit} initialization
indicator to equal the first memory sub area initialization indicator as it was at the certain
point In time. 230
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Figure 5



U.S. Patent Mar. 13, 2012 Sheet 6 of 7 US 8,135,932 B2

Receiving a request to read a content of at least a portion of the first memory sub area as it
was at the certain point in time. 250

Checking whether the content of the first memory sub area as it was at the certain point in
time was already copied (resides in the second storage unit) or not (resides in the first storage
unit). 260

Not copied yet

Checking whether a whole group of memory sub areas (that includes the first memory sub
area) was Initialized. The checking can involve checking a memory sub area group
initialization completion indicator. 265

No

Yes

Checking Iif the first memory area initialization request indicator as it was at the certain point in
time differs from the first memory sub area initialization indicator. 270

Differs Already copied
Equals

Initializing the first memory sub area and
updating the first memory sub area
initialization indicator (it should be equal
to the first memory area initialization
request indicator). 290

Reading the content of the at least portion of the memory sub area. 280

Checking whether a whole group of memory sub areas (that includes the second memory sub
area) was Initialized. This 1s done by checking the value of a memory sub area group
es initialization completion indicator. 305

Checking If the second memory area initialization request indicator differs from the second
memory sub area initialization indicator. 310

Differs
nitializing the second memaory sub area
and updating the second memory sub
area initialization indicator (it should be Equals
equal to the second memory area
initialization request indicator).

Reading the content of the at least portion of the second memory sub area. 330

Receiving a request to copy a content of the first memory area as it is at a certain point in time
fo a second storage unit. 210

Storing the first memory area initialization request indicator as it is at the certain point in time.
220

Repeating, for each memory sub area of the first memory area the following: (1) checking if
the first memory area initialization request indicator as it was at the certain point in time
differs from the memory sub area initialization indicator; (i1} initializing the memory sub

area It the answer is negative (the variables differ from each other} to provide an initialized

memory sub area and copying to the second storage unit the content of the initialized
memaory sub area; (ilii} copying to the second storage unit the content of the memory sub
area as It was at the certain point in time if the variables equal each other; (iv) setting a
memory sub area {of a second memory area of a second storage unit) initialization
indicator to equal the first memory sub area initialization indicator as it was at the certain
point in time. 230
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Memory sub area group initialization completion
indicators 444(1) — 444(N)

First memory sub
area 414(1)

First memory area 412.

~—— First storage unit 410

00

First memory area initialization request indicator
as It is at the certain point in time 440

Second memory area initialization indicator 460

Memory sub area initialization request
indicators 462(1)- 402(K)

Memory sub area group initialization
completion indicators 464(1) — 464(N)

Second memory
sub area 424(1)
424(2)

\
Second memory area 422.

II\"'A

Second storage unit 420

Figure /

US 8,135,932 B2



US 8,135,932 B2

1
INITIALIZING OF A MEMORY AREA

FIELD OF THE INVENTION

The present invention relates to methods and computer
program products for initializing a memory area.

BACKGROUND OF THE INVENTION

Storage devices should be imitialized before being
accessed. The mitialization process of a large memory area of
a storage device 1s long and can prevent access to the memory
area before the mitialization process 1s completed.

There 1s a growing need to allow access to a memory sub
arca while another memory sub area 1s being initialized.

A well known data recovery method mmvolves generating
snapshot copies ol a content of memory areas. The copy
process 1s long and usually involves copying one memory sub
area after the other.

Data corruption can occur when a request to initialize a
memory area 1s received during the copying process or evenif
an 1nitialization of an entire memory area was not completed
betore the copying process starts.

There 1s a growing need to provide methods, systems and
computer program products that enable efficient initialization
of memory areas at a snapshot copy supporting environment.

SUMMARY

A method for initializing a memory area, the method com-
prises receiving a request to access a first memory sub area of
a first memory area that comprises multiple memory sub
arcas, and 1mtializing the first memory sub area 1f a first
memory area initialization indicator differs from a first
memory sub area initialization request indicator, wherein the
first memory area initialization request indicator 1s a multiple
bit variable indicative of a time of a last request to initialize
the first memory area and the first memory sub area initial-
ization 1indicator 1s a multiple bit variable indicative of a time
of a request to mitialize the first memory area that resulted 1n
a last imitialization of the first memory sub area.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood and appreciated
more fully from the following detailed description taken in
conjunction with the drawings 1n which:

FIG. 1 illustrates a method for mitializing a memory area
according to an embodiment of the invention;

FIG. 2 illustrates a method for mitializing a memory area
according to an embodiment of the invention;

FIG. 3 illustrates a method for mitializing a memory area
according to an embodiment of the invention;

FIG. 4 1llustrates a stage of the method for imtializing a
memory area ol FIG. 3 according to an embodiment of the
invention

FI1G. 3 illustrates a method for mitializing a memory area
according to an embodiment of the invention;

FI1G. 6 illustrates a method for mitializing a memory area
according to an embodiment of the invention; and

FIG. 7 1llustrates a system for imitializing a memory area
according to an embodiment of the invention.

DETAILED DESCRIPTION

Multiple processes are provided. These multiple processes
can be executed at least partially 1n parallel to each other. A
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2

first process includes receiving requests to initialize a
memory area, updating a memory area initialization request
indicator and waiting to the next request to 1mtialize the
memory area. A second process 1nvolves gradually 1nitializ-
Ing memory sub areas of that memory area in response to
requests to access these memory sub areas and 1n response to
requests to initialize the memory area. A third process can
involve receiving arequest to generate a copy of the content of
the memory area as 1t was at a certain point 1n time and
generating such a copy, conveniently at a second storage unit
that differs from a first storage unit that includes the memory
area. It 1s noted that either one of the first and second can be
executed after the third process starts and after the third
process 1s completed.

The 1illustrated method, systems and computer program
products do not require snapshot cascading.

For simplicity of explanation the following figures waill
refer to a first memory area to a first memory sub area to a
second memory area and to a second memory sub area. The
terms ‘first” and ‘second’ are only used to distinguish one
memory area (or memory sub area) from another. It 1s noted
that a memory area can be a volume while a memory sub area
can be a track but this 1s not necessarily so.

FIG. 1 illustrates method 100 for mitializing a memory
area, according to an embodiment of the mnvention.

For simplicity of explanation this memory area will be
referred to as a first memory area.

Method 100 starts by stages 110 and 130. Stage 110
includes recerving a request to 1nitialize a first memory area.
Stage 110 1s followed by stage 120 of updating a first memory
area 1nitialization request indicator that 1s a multiple bit vari-
able indicative of a time of a last request to mnitialize the first
memory area. Stage 120 1s followed by stage 110. The first
memory area imtialization request indicator can represent the
serial number (or ‘generation’) of the request.

Stage 130 includes recerving a request to access a first
memory sub area of a first memory area that includes multiple
memory sub areas. It 1s noted that the first memory sub area
can be any memory sub area out of multiple memory sub
areas that form the first memory area.

Stage 130 1s followed by stage 140 of checking if a first
memory area initialization request indicator differs from a
first memory sub area mnitialization request indicator. The first
memory sub area imtialization indicator 1s a multiple bit
variable indicative of a time of a request to 1nitialize the first
memory area that resulted in a last mitialization of the first
memory sub area.

I the answer 1s negative then stage 140 1s followed by stage
160 of allowing the access to the first memory sub area.
Accordingly, the content of the first memory sub area (or a
portion thereot) can be read or the first memory sub area (or
a portion thereof) can be written to.

I1 the answer 1s positive then stage 140 1s followed by stage
150 of imitializing the first memory sub area and updating the
first memory sub area imitialization indicator (it should be
equal to the first memory area initialization request indicator).
Stage 150 1s followed by stage 160.

The 1mmitialization can include writing 1nitialization infor-
mation to the memory sub areas. The same nitialization
information can be written to different memory sub areas but
this 1s not necessarily so. It can be a predefined sequence of
‘0’ and/or ‘1°. The imtialization information can be generated
by an 1mitialization function. For example—the nitialization
information can identily the memory sub area or the memory
area.

It 1s noted that stage 130-160 can be repeated for each
memory sub area of the first memory area.
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Method 100 requires an execution of stage 140 whenever
the first memory sub area 1s accessed. In order to reduce the
number of iterations of stage 140 additional metadata can be
used. This additional metadata can indicate whether the
whole first memory sub area (or a group ol memory sub area
that include the first memory sub area) was initialized in
response to the last request to 1nitialize the first memory area.
Once such an 1mitialization session 1s completed there 1s no
need to perform the comparison of stage 140.

A first memory sub area group initialization completion
indicator 1s provided. It indicates that an entire group of
memory sub areas (ol the first memory area) was already
initialized 1n response to the last request to 1nitialize the first
memory area. According to various embodiments of the
invention the first memory area can include one or more
groups. These groups can be of the same size or of different
s1zes. According to an embodiment of the invention the whole
first memory area can be regarded as a single group of
memory sub areas.

FIG. 2 1illustrates method 102 for mitializing a memory
area, according to another embodiment of the invention.

Method 102 of FI1G. 2 differs from method 100 of FIG. 1 by
including stage 170 of checking whether a whole group of
memory sub areas (that includes the first memory sub area)
was 1nitialized.

Stage 130 1s followed by stage 170.

If the whole group of memory sub areas was 1nitialized
then stage 170 1s followed by stage 160.

Else, stage 170 1s followed by stage 140, as there 1s a need
to check whether the first memory area initialization request
indicator differs from the first memory sub area imitialization
request indicator. If the answer 1s negative then stage 140 1s
followed by stage 160, else stage 140 1s followed by stage
150. Stage 150 1s followed by stage 160.

Thus, method 102 1ncludes providing the content of the at
least portion of the first memory sub area without comparing
the first memory area initialization request indicator to the
first memory sub area 1nitialization indicator if the memory
sub area group imtialization completion indicator indicates
that an entire group of memory sub areas that includes the first
memory sub area was 1nitialized 1n response to the last request
to 1nitialize the first memory area.

According to various embodiments of the invention the
initialization method can be applied when a snapshot copy of
the content of the first memory area are generated. A snapshot
copy of a content of the first memory area 1s a copy of that
content of the first memory area as it was at a certain point of
time. Typically, the process of generating such a copy 1s time
consuming and there 1s a need to maintain the 1mtialization
status of memory sub areas during the copying process and
alter the copying process 1s completed. The multiple bit vari-
ables introduced previously can assist 1n maintaining the
initialization status.

FIG. 3 1llustrates method 104 of mitializing a first memory
area according to a further embodiment of the invention.

It 1s assumed that the first memory area 1s included 1n a first
storage device and that the snapshot copy should be stored at
a second memory area of a second storage unit.

Method 104 starts by stage 210 of recerving a request to
copy a content of the first memory area as it 1s at a certain
point 1n time to a second storage unit.

Stage 210 15 followed by stage 220 of storing the first
memory area initialization request indicator as 1t 1s at the
certain point in time.

Stage 220 1s Tollowed by stage 230. Stage 230 includes the
tollowing stages (that are 1llustrated 1n FIG. 4): (1) stage 231
of selecting a memory sub area of the first memory area; (11)
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stage 232 of checking 1f the first memory area nitialization
request indicator as 1t was at the certain point in time ditfers
from the memory sub area 1nitialization indicator; (111) stage
233 of imtializing the memory sub area 1f the answer 1s
positive to provide an mnitialized memory sub area; (1v) stage
234 (that 1s preceded by stage 233) of copying the content of
the imtialized memory sub area to the second storage unit; (v)
stage 2335 of copying to the second storage unit the content of
the memory sub area as 1t was at the certain point 1in time 1f the
answer 1s negative; (v1) stage 236 (preceded by stage 235 and
234) of setting a second memory sub area 1nitialization 1ndi-
cator according to the second memory area indicator and
indicating that the content of the first memory sub area was
already copied; (vi1) stage 237 (preceded by stage 236) of
determining whether all the memory sub areas of the first
memory area were selected. If the answer 1s negative another
memory sub area 1s selected during stage 231.

Accordingly, stage 230 includes repeating, for each
memory sub area of the first memory area the following: (1)
checking 11 the first memory area initialization request indi-
cator as 1t was at the certain point in time differs from the
memory sub area 1nitialization indicator; (11) iitializing the
memory sub area 11 the answer 1s negative (the variables differ
from each other) to provide an mnitialized memory sub area
and copying to the second storage unit the content of the
initialized memory sub area; (111) copying to the second stor-
age unit the content of the memory sub area as 1t was at the
certain point 1n time 1f the vanables equal each other; (1v)
setting a memory sub area (of a second memory area of a
second storage unit) mitialization indicator to equal the first
memory sub area initialization indicator as 1t was at the cer-
tain point in time.

While stage 230 1s 1n progress and even after 1t 1s completed
a request to read a content of at least a portion of a first
memory sub area as 1t was at the certain point in time can be
received. This 1s illustrated by stage 250 of receiving arequest
to read a content of at least a portion of the first memory sub
area as 1t was at the certain point in time.

Stage 250 1s followed by stage 260 of checking whether the
content of the first memory sub area as it was at the certain
point 1n time was already copied (resides 1n the second stor-
age unit) or not (resides 1n the first storage unait).

If the answer 1s positive (first memory sub area of first
memory area of the first storage unit was copied to a second
memory sub area of a second memory area of a second stor-
age unit) then stage 260 1s followed by stage 310, else 1t 1s
followed by stage 270.

Stage 270 includes checking if the first memory area 1ni-
tialization request indicator as 1t was at the certain point in
time differs from the first memory sub area initialization
indicator.

I the answer 1s negative then stage 270 1s followed by stage
280 of reading the content of the at least portion of the
memory sub area.

I1 the answer 1s positive then stage 270 1s followed by stage
290 of imtializing the first memory sub area and updating the
first memory sub area imitialization indicator (it should be
equal to the first memory area initialization request indicator).
Stage 150 15 followed by stage 280.

Additionally or alternatively, a request to write at least a
portion of the content of the first memory sub area can be
received while stage 230 1s 1n progress or even after 1t 1s
completed. In this case instead of reading the content of at
least a portion of the first memory sub area (1nitialized or as 1t
was at the certain point 1n time) a write operation 1s executed.

Stage 310 includes checking if the second memory area
initialization request indicator differs from the second
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memory sub area mitialization indicator. The second memory
area initialization request indicator 1s a multiple bit variable
indicative of a time of a last request to mnitialize the second
memory area.

Ifthe answer 1s negative then stage 310 1s followed by stage
330 of reading the content of the at least portion of the second
memory sub area.

If the answer 1s positive then stage 310 1s followed by stage
320 of mitializing the second memory sub area and updating
the second memory sub area mnitialization indicator (1t should
be equal to the second memory area initialization request
indicator). Stage 320 1s followed by stage 330.

FIG. S 1llustrates method 106 of mitializing a first memory
area according to a further embodiment of the invention.

Method 106 of FIG. 5 ditters from method 104 of FIG. 3 by
including stage 265. Stage 265 follows stage 260. Stage 265
includes checking whether a whole group of memory sub
areas (that includes the first memory sub area) was 1initialized.
The checking can involve checking a memory sub area group
initialization completion 1ndicator.

If the whole group of memory sub areas was initialized
then stage 265 1s followed by stage 280. Else, stage 263 1s
tollowed by stage 270, as there 1s a need to check whether the
first memory area initialization request indicator differs from
a first memory sub area 1mnitialization request indicator. If the
answer 1s negative then stage 270 1s followed by stage 280,
clse stage 270 1s followed by stage 290. Stage 290 1s followed
by stage 280.

FIG. 6 1llustrates method 108 of mitializing a first memory
area according to a further embodiment of the invention.

Method 108 of FI1G. 6 differs from method 106 of FIG. 5 by
including stage 305. Stage 305 follows stage 260. Stage 3035
includes checking whether a whole group of memory sub
areas (that includes the second memory sub area) was 1nitial-
1zed. This 1s done by checking the value of a memory sub area
group 1nitialization completion indicator.

If the whole group of memory sub areas was initialized
then stage 305 1s followed by stage 330. Else, stage 303 1s
tollowed by stage 310, as there 1s a need to check whether the
second memory area initialization request indicator differs
from a second memory sub area 1nitialization request indica-
tor. If the answer 1s negative then stage 310 1s followed by
stage 330, else stage 310 1s followed by stage 320. Stage 320
1s Tollowed by stage 330.

FI1G. 7 illustrates system 400 according to an embodiment
of the invention.

System 400 includes first storage unit 410, second storage
unit 420 and controller 430. First storage unit 410 can include
multiple memory areas such as first memory area 412. First
memory area 412 includes multiple memory sub areas such as
first memory sub arca 414(1) and additional memory sub
arcas 414(2)-414(K). K being a positive integer that can
exceed and even well exceed two. Second storage unmit 420
can 1nclude multiple memory areas such as second memory
arca 422. Second memory area 422 includes multiple
memory sub areas such as second memory sub area 424(1)
and additional memory sub areas 424(2)-424(K). K being a
positive 1mteger that can exceed and even well exceed two.
There can be N groups of memory sub areas per each memory
area out of the first and second memory areas.

Assuming that first storage unit 410 includes a single stor-
age area that 1n turn includes K memory sub areas that are
grouped 1n N groups and that second storage unit 420 includes
a single storage area that 1n turn includes K memory sub areas
that are grouped 1 N groups then system 400 can store
metadata that may includes at least one of the following
variables: (1) first memory area initialization indicator 440,
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(11) memory sub area mitialization request indicators 442(1)-
442(K) that are associated with memory sub areas of the first
memory area, (1v) first memory area initialization request
indicator as 1t 1s at the certain point in time 440', (v) memory
sub area group imtialization completion indicators 444(1)-
444(N) that are associated with N groups of memory sub
areas of the first memory area, (v1) second memory area
initialization indicator 460, (vi1) memory sub area initializa-
tion request indicators 462(1)-462(K) that are associated with
memory sub areas of the second memory area, (viil) memory
sub area group imtialization completion indicators 464(1)-
464(N) that are associated with N groups of memory sub
areas ol the second memory area; and (1X) memory sub area
copy completion indicators 470.

It 1s noted that 1f each storage unit includes more than a
single memory area then metadata per each memory area 1s
required.

First memory area mnitialization indicator 440 and a
memory sub area initialization request indicator out of 1ndi-
cators 442(1)-442(K) can be compared to each other (for
example during stage 140 of method 100 or during stage 270
of method 104) 1n response to a request to access at least a
portion of that memory sub area.

First memory area initialization request indicator as 1t 1s at
the certain point in time 440' 1s stored (for example during
stage 220 of method 102) in response to a request to create a
copy of a content of the first memory area as 1t was at a certain
point 1n time.

Memory sub area group initialization completion indica-
tors 444(1)-444(N) indicate whether each group of memory
sub areas (ol the first memory area) was initialized 1n
response to the last request to mitialize the first memory area.
These indicators can be checked during stage 170 of method
102 or during stage 265 of method 106.

Memory sub area copy completion indicators 470 indicate
whether the content of each memory sub area (as 1t was at a
certain point 1n time) was copied from the first storage unit to
the second storage unit. It can be a bit map. These indicators
can be checked during stage 260 of method 104.

Second memory area imitialization indicator 460 and a
memory sub area initialization request indicator out of indi-
cators 462(1)-462(K) can be compared to each other (for
example during stage 310 of method 104) 1n response to a
request to access at least a portion of that memory sub area.

Memory sub area group mnitialization completion indica-
tors 464(1)-464(N) indicate whether each group of memory
sub areas (of the second memory area) was 1initialized 1n
response to the last request to 1nitialize the second memory
area. These indicators can be checked during stage 3035 of
method 106.

It 1s noted that these variables can be stored 1n different
manners and in different locations. For example, memory sub
area 1mitialization request indicators 442(1)-442(K) can be
stored 1n the memory sub areas or 1n a different location.

Furthermore, the invention can take the form of a computer
program product accessible from a computer-usable or com-
puter-readable medium providing program code for use by or
in connection with a computer or any instruction execution
system. For the purposes of this description, a computer-
usable or computer readable medium can be any apparatus
that can contain, store, communicate, propagate, or transport
the program for use by or 1n connection with the instruction
execution system, apparatus, or device.

The medium can be an electronic, magnetic, optical, elec-
tromagnetic, infrared, or semiconductor system (or apparatus
or device) or a propagation medium. Examples of a computer-
readable medium include a semiconductor or solid-state
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memory, magnetic tape, a removable computer diskette, a
random access memory (RAM), aread-only memory (ROM),
arigid magnetic disk and an optical disk. Current examples of

optical disks include compact disk—read only memory (CD-
ROM), compact disk—read/write (CD-R/W) and DVD.

A data processing system suitable for storing and/or
executing program code will include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local memory
employed during actual execution of the program code, bulk
storage, and cache memories which provide temporary stor-
age of at least some program code in order to reduce the
number of times code must be retrieved from bulk storage
during execution.

Input/output or I/O devices (including but not limited to
keyboards, displays, pointing devices, etc.) can be coupled to
the system either directly or through intervening 1I/0O control-
lers.

Network adapters may also be coupled to the system to
enable the data processing system to become coupled to other
data processing systems or remote printers or storage devices
through intervening private or public networks. Modems,
cable modem and Ethernet cards are just a few of the currently
available types of network adapters.

Variations, modifications, and other implementations of
what 1s described herein will occur to those of ordinary skall
in the art without departing from the spirit and the scope of the
invention as claimed.

Accordingly, the mvention 1s to be defined not by the
preceding illustrative description but instead by the spirit and
scope of the following claims.

We claim:

1. A method for mmitializing a memory area, the method
COmprises:

receiving a request to access a first memory sub area of a

first memory area that comprises multiple memory sub
areas; and

initializing the first memory sub area 1f a first memory area

initialization indicator differs from a first memory sub
area initialization request idicator;

wherein the first memory area 1nitialization request indi-

cator 1s a multiple bit variable indicative of a time of a
last request to mnitialize the first memory area and the
first memory sub area mnitialization indicator 1s a mul-
tiple bit variable indicative of a time of a request to
initialize the first memory area that resulted 1n a last
initialization of the first memory sub area.

2. The method according to claim 1 comprising:

receiving a request to read a content of at least a portion of

the first memory sub area; and

providing the content of the at least portion of the first

memory sub area without comparing the first memory
area initialization request indicator to the first memory
sub area i1mitialization indicator 1f a memory sub area
group initialization completion indicator indicates that
an entire group of memory sub areas that comprises the
first memory sub area was initialized in response to the
last request to 1mtialize the first memory area.

3. The method according to claim 1 comprising receving a
request to copy a content of the first memory area, as it1s at a
certain point 1n time, to a second storage unit and storing the
first memory area 1nitialization request indicator as 1t 1s at the
certain point in time;

wherein the second storage unit differs from a first storage

unit that comprises the first memory area.
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4. The method according to claim 3 comprising:

receving, before copying the content of the first memory
sub area as 1t was at the certain point of time to a second
memory sub area of the second storage unit, a request to
read a content of at least a portion of the first memory sub
area as 1t was at the certain point in time; and

initializing the first memory sub area to provide an 1nitial-
1zed first memory sub area 1f the first memory area
initialization request indicator as it was at the certain
point in time differs from the first memory sub area
initialization indicator.

5. The method according to claim 3 comprising:

receiving, before copying the content of the first memory
sub area as 1t was at the certain point of time to a second
memory sub area of the second storage unit, a request to
read a content of at least a portion of the first memory sub
area; and

providing the content of the at least portion of the first
memory sub area without comparing the first memory
area 1nitialization request indicator to the first memory
sub area initialization indicator i a memory sub area
group 1nitialization completion indicator indicates that
an entire group of memory sub areas that comprises the
first memory sub area was 1nitialized 1n response to the
last request to 1nitialize the first memory area.

6. The method according to claim 3 comprising;:

copying the content of the first memory sub area as 1t was
at the certain point of time to a second memory sub area
of the second storage unit; and

setting a second memory sub area 1nitialization indicator
according to the second memory area indicator and 1ndi-
cating that the content of the first memory sub areca was
already copied.

7. The method according to claim 6 comprising:

receving, after copying the content of the first memory sub
area as 1t was at the certain point of time to the second
memory sub area of the second storage unit, a request to
read a content of at least a portion of the first memory sub
area as 1t was at the certain point in time; and

imtializing the second memory sub area if a second
memory area iitialization request indicator differs from
the second memory sub area initialization indicator;

wherein the second memory area initialization request
indicator 1s a multiple bit varniable indicative of a time of
a last request to itialize the second memory area.

8. The method according to claim 3 comprising:

receving, before copying the content of the first memory
sub area as 1t was at the certain point of time to a second
memory sub area of the second storage unit, a request to
read a content of at the second memory sub area; and

initializing the first memory sub area to provide an 1nitial-
1zed first memory sub area 1f the first memory area
initialization request indicator as it was at the certain
point in time differs from the first memory sub area
initialization indicator

9. The method according to claim 3 comprising:

receving, before copying the content of the first memory
sub area as 1t was at the certain point of time to a second
memory sub area of the second storage unit, a request to
read a content of at least a portion of the first memory sub
area as 1t was at the certain point in time; and

copying the content of the first memory sub area to a
snapshot target and initializing the first memory sub area
to provide an 1nitialized first memory sub area 1f the first
memory area initialization request indicator as 1t was at
the certain point 1n time differs from the first memory
sub area initialization indicator.
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10. A computer program product comprising a non-transi-
tory computer-readable medium including a computer read-
able program, wherein the computer readable program when
executed on a computer causes the computer to:

receive a request to access a first memory sub area of a first

memory area that comprises multiple memory sub areas;
and

initialize the first memory sub area 11 a first memory area

initialization indicator differs from a first memory sub
area 1nitialization request indicator;

wherein the first memory area 1nitialization request indi-

cator 1s a multiple bit variable indicative of a time of a
last request to 1nitialize the first memory area and the
first memory sub area initialization indicator 1s a mul-
tiple bit variable indicative of a time of a request to
initialize the first memory area that resulted 1n a last
initialization of the first memory sub area.

11. The computer program product according to claim 10
that causes the computer to:

receive a request to read a content of at least a portion of the

first memory sub area; and

provide the content of the at least portion of the first

memory sub area without comparing the first memory
area 1nitialization request indicator to the first memory
sub area initialization indicator 1f a memory sub area
group initialization completion indicator indicates that
an entire group of memory sub areas that comprises the
first memory sub area was initialized in response to the
last request to 1mitialize the first memory area.

12. The computer program product according to claim 10
wherein the computer program product causes the computer
to recerve a request to copy a content of the first memory area
as 1t 1s at a certain point 1n time to a second storage unit and
storing the first memory area initialization request indicator
as 1t 1s at the certain point in time;

wherein the second storage unit differs from a first storage

unit that comprises the first memory area.

13. The computer program product according to claim 12
that causes the computer to:

receive, belore copying the content of the first memory sub

area as 1t was at the certain point of time to a second
memory sub area of the second storage unit, a request to
read a content of at least a portion of the first memory sub
area as 1t was at the certain point in time; and

initialize the first memory sub area to provide an 1nitialized

first memory sub area 11 the first memory area initializa-
tion request indicator as 1t was at the certain point in time
differs from the first memory sub area initialization indi-
cator.

14. The computer program product according to claim 12
that causes the computer to:

receive, belore copying the content of the first memory sub

area as 1t was at the certain point of time to a second
memory sub area of the second storage unit, a request to
read a content of at least a portion of the first memory sub
area; and

provide the content of the at least portion of the first

memory sub area without comparing the first memory
area initialization request indicator to the first memory
sub area initialization indicator 1 a memory sub area
group initialization completion indicator indicates that
an entire group of memory sub areas that comprises the
first memory sub area was initialized in response to the
last request to 1mitialize the first memory area.

15. The computer program product according to claim 12
that causes the computer to copy the content of the first
memory sub area as 1t was at the certain point of time to a
second memory sub area of the second storage unit and set a
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second memory sub area initialization indicator to equal the
first memory sub area initialization indicator as 1t was at the
certain point 1n time.

16. The computer program product according to claim 135
that causes the computer to:

recetve, after copyving the content of the first memory sub

area as 1t was at the certain point of time to the second
memory sub area of the second storage unit, a request to
read a content of at least a portion of the first memory sub
area as 1t was at the certain point in time; and

imitialize the second memory sub area 1f a second memory

area 1nitialization request indicator differs from the sec-
ond memory sub area initialization idicator;

wherein the second memory area initialization request

indicator 1s a multiple bit variable indicative of a time of
a last request to mitialize the second memory area.

17. A system comprising:

a first storage device; and

a memory controller;

wherein the controller 1s adapted to:
receive a request to access a {first memory sub area of a first
memory areca ol a storage unit that comprises multiple
memory sub areas; and

initialize the first memory sub area 1t a first memory area

initialization indicator differs from a first memory sub
area 1nitialization request indicator;

wherein the first memory area initialization request indi-

cator 1s a multiple bit variable indicative of a time of a
last request to 1nitialize the first memory area and the
first memory sub area initialization indicator 1s a mul-
tiple bit variable indicative of a time of a request to
initialize the first memory area that resulted 1n a last
initialization of the first memory sub area.

18. The system according to claim 17 wherein the control-
ler 1s adapted to:

recerve a request to read a content of at least a portion of the

first memory sub area; and

control a provision of the content of the at least portion of

the first memory sub area without comparing the first
memory area initialization request indicator to the first
memory sub area initialization indicator if a memory sub
area group 1nitialization completion indicator indicates
that an entire group of memory sub areas that comprises
the first memory sub area was initialized 1n response to
the last request to mitialize the first memory area.

19. The system according to claim 17 wherein the control-
ler 1s adapted to recetve a request to copy a content of the first
memory area as it 1s at a certain point in time to a second
storage unit and control a storage of the first memory area
initialization request indicator as 1t 1s at the certain point 1n
time.

20. The system according to claim 17 wherein the control-
ler 1s adapted to:

recerve, before the content of the first memory sub area as

it was at the certain point of time 1s copied to a second
memory sub area of the second storage unit, a request to
read a content of at least a portion of the first memory sub
area; and

control a provision of the content of the at least portion of

the first memory sub area without comparing the first
memory area iitialization request indicator to the first
memory sub area initialization indicator if a memory sub
area group 1nitialization completion 1ndicator indicates
that an entire group of memory sub areas that comprises
the first memory sub area was 1nitialized 1n response to
the last request to mitialize the first memory area.
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